Abstract. Using the formula of shear bearing force of oblique cross section in eccentrically loaded column, we analyze the stress acting on short-leg shear wall and conventional eccentrically loaded column. We propose the formula for calculating the shear bearing force of oblique cross section of short-leg shear wall that considers the action of vertical reinforcing steel bars, flange and axial compression. Parameter fitting is done using the experimental data. To address the defects in the existing axial restoring force model of tensile/compressive bars, we establish the axial restoring force model for the edge bar under tensile and compressive loading until ultimate failure based on measured data. Thus a mathematical tool is provided for solving the axial restoring force in RC shear wall.
Introduction
The axial restoring force in multi-vertical-bar element model is rarely studied, and Clough degrading double-line hysteresis model is the only one reported. This model considers the unloading stiffness degradation and enhancement after yielding of reinforced concrete and the feature that the reverse loading is directed towards the point of historically maximum displacement after yielding; however, it does not consider the pinch effect [1] . Kabe-yasawa et al. proposed the axial stiffness hysteresis model (ASHM) for simulating the mechanical performance of edge components of shear wall in 1984. Jiang put forward the axial stiffness hysteresis model based on the tensile and compression testing of 5 reinforced concrete columns [3] . This model doest not consider stiffness degradation or enhancement after yielding of the reinforced concrete or the feature that the reverse loading is directed towards the point of historically maximum displacement after yielding, but it considers the pinch effect. This study first analyzes the stress on the short-leg shear wall and derives the formula of shear bearing force of the oblique cross section based on the experimental data. Then using the data from the low cyclic loading test of the components of short-leg shear wall, the axial restoring force model of the edge bar under tensile and compressive loading until ultimate failure is proposed.
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Calculation of Shear Bearing Force of the Oblique Cross Section of RC Short-leg Shear Wall
According to the Code for Design of Concrete Structures [4] , the formula of shear bearing force of the oblique cross section is derived by the following steps: analyze the influence factors of shear bearing force based on the formula of shear bearing force of oblique cross section for eccentrically loaded component; introduce the adjusted parameters; determine the parameter values by regression using the experimental data; obtain the preliminary formula of shear bearing force of the oblique cross section.
Unlike the conventional eccentrically loaded column, the vertical reinforcing steel bars make greater contribution to anti-shear strength in the short-leg shear wall. Therefore, the term of vertical reinforcing steel bars is added into the formula. There is a large difference in bearing force due to the asymmetry of the cross section and thus the influence of the flange is considered by introducing the correction factor  . Due to the presence of axial compression, this bearing force should be detracted. Thus the formula for shear bearing force of the oblique cross section is supposed to have the following form as formula (1): where  is the correction factor based on the shape of the cross section; 1 a is the correction factor accounting for the influence of the stirrups and the vertical reinforcing steel bars, by fitting from the experiment data [5] , 12 0.9,
aa 
,  is the correction factor accounting for the presence of the axial compression, for safety reasons, the term of axial compression should be detracted, i.e., 0.7
. In specially shaped columns, the flange can inhibit the inclined cracks. Therefore, the T-shaped, L-shaped and Z-shaped cross sections have better anti-shear property than rectangular cross section  , the correction factor considering the influence of flange, is calculated by formula (2) . Then, the finally formula suited for short-leg shear wall is as formula (3). 
1.75 * * 0.9 * 0.1* 0.049 (3) 1 
Multi-vertical-bar Element Model for the Study of Axial Restoring Force
Many multi-vertical-bar element models have been proposed so far [6] [7] [8] . There are three commonly used axial restoring force models in literature [1] [2] [3] which are mainly based on columns. However, when the wall is simplified into multiple vertical bars, the bars interact with each other, but this fact cannot be properly accounted for in the model. To overcome this problem, the wall is divided into multiple column elements. Then by derivation based on the experimental data, the axial restoring force model of the compressive bar is obtained. This model considers the interaction between the elements. Fig. 2 shows the modeling of the shear wall, and the wall specimen belongs to 800 05 SDT  in literature [5] .
Element Division
The wall is divided into bars under compressive and tensile loading, as shown in Fig.  3 . For each bar, the moment of the center of the cross section is M . Axial compression acts at the center of the cross section without generating the bending moment at the beginning. But gradually, the load is distributed according to the area of each bar. Thus the axial force of each bar is composed of two parts, , and the relative strain is calculated by the ratio of the measured strain to the strain corresponding to the positive yield load. Then the stress-strain curve can be plotted.
When M is used to calculate the axial force generated by the bar element, it is assumed that the bar element conforms to the plane cross-section assumption:
, where i N is the axial force of the i -th bar; the value is positive for tensile load and negative for compressive load; i x is the distance from the i -th bar to the center of the cross section and it varies with the shifting of the neutral axis; its initial position is at the center of the cross section; P is the measured horizontal force;
H is 1400mm in this text.
Position of the Neutral Axis of Cross Section
As indicated by the formula of bearing force of normal cross section, the height of the stress area of the cross section can be found by locating the neutral axis. Then the bearing force of the normal cross section can be calculated by the balance equation. It is found that the position of the neutral axis changes constantly with the increasing of load. The bending moment M on the cross section is generated by the horizontal push force. The axial force N acts on the center of the cross section. For each level of load, a strain curve is plotted for the web plate, as shown in Fig. 4 (under compressive loading). The linear equation of the strain is fitted for each level of load, from which the intersection of the straight line and the x axis is calculated. This is the position of the neutral axis. For example, when the load is 46.68kN , the strain curve is shown in Fig.  4 ; when the ordinate is 0, the abscissa is 69.733 / 18.681 3.73  . The position of the neutral load for other levels of load is determined by the same method.
When the web plate is subject to horizontal compressive load, the neutral axis is initially located at the center of the cross section. As the load increases, the neutral axis shifts towards the outer side of the web plate (away from the flange). That is, the area of compressive zone decreases. When the yield strength is reached, the neutral axis shows severe deviation. By determining the position of the neutral axis and based on plane cross-section assumption and balance of forces, the force of each bar can be known.
Horizontal Load and the Corresponding Strain
The strain under each level of load is calculated through experiment (the strain is the measured strain of the edge bar. Before the yielding of the reinforced concrete and the steel bars, the bonding structure is not completely damaged. Therefore, the reinforced concrete and the steel bars are considered to undergo consistent deformation, and the strain of the steel bars is used instead).Because the ultimate failure of the edge bar (No. 1 element in Fig. 3 ) marks the end of the test, the stress-strain curve of the edge bar is plotted as shown in Fig. 5 .
Stress-strain Curve
It can be seen that the stress of the bar is composed of two parts, namely, the compression calculated from the bending moment produced by the horizontal force and the compression calculated from the axial compression. The fitted stress-strain curve can be represented by (Fig. 6) .
The above axial restoring force model is derived from experiment. The method of dividing the shear wall into multiple bar elements can obtain more realistic results than the testing based on columns.
Conclusions
Based on the formula of shear bearing force of oblique cross section in eccentrically loaded column, the term of vertical reinforcing steel bars and the influence of flange and axial compression are considered for short-leg shear wall. The formula of shearing bearing force of oblique cross section for short-leg shear wall is derived by data fitting using the experiment data. Finally the axial restoring force model for the edge bar under tensile and compressive loading until ultimate failure is fitted. This model considers the interaction between the bar elements as compared with the model based on the testing of the columns. Therefore, the model more accurately reflects the load features of the shear wall.
